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ABSTRACT: Bacteria produces biofilm to protect itself from adverse conditions. These
biofilms are made of exopolysaccharides which safeguards it from host immune system and
make it resistant to antibiotics. This causes most of the infections in human body. The
autoinducers help to maintain the bacterial community at a threshold, this density dependent
process is called quorum sensing. In this study, biofilm quantification was performed by crystal
violet assay. At 40 mg/mL concentration, the Hedychium venustum hydro-methanolic crude
extract (6:4) inhibited 40% of Pseudomonas aeruginosa biofilm. In fluorescence microscopic
analysis, the dead cells in red colour revealed that the cells in the biofilm were affected by the
plant extract. The scanning electron micrographs displayed that the coupon surface of untreated
sample was rough since there were irregularities due to bacterial metabolism, while the coupon
surface of treated sample was smooth due to the prevention of attachment of bacteria to the
surface. Significant amylolytic activity with 62.183 U total enzymatic activity have correlation
with the biofilm inhibition property. This is the first report on amylolytic and anti-biofilm
activity of rhizome extract of H. venustum against P. aeruginosa. Since biofilms contribute
significantly to the development of antimicrobial resistance, there is a necessity of alternative
antimicrobial compounds that can inhibit biofilm formation. After further studies, the extract can
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also be considered a natural anti-biofilm agent.
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antimicrobial agent.

INTRODUCTION

Bacterial biofilms are multi-microbial communities with
three dimensional structure enclosed in a self-synthesized
extracellular polymeric matrix [1, 2, 3]. They safeguard the
bacteria from external environment, thereby making it
resistant to the attack of the host immune system and
antimicrobials [4, 5, 6]. According to Nassar et al. [7] 60-
70% of hospital infections and 80% of human infections are
due to bacterial biofilms. The endurance of the biofilm for a
longer period could gradually promote the failure of the
treatments provided for bacterial and other microbial
infections. This leads to antibiotic resistance which is a major
threat to living organisms. Thus, anti-biofilm agent which
can prevent or inhibit biofilm formation was thought as an
alternative to antimicrobial agent [1, 7, 8]. Therefore,
effective and safe agents against microbes are much required
to attack the multidrug resistant microorganisms [1, 9]. In
this regard, different plants and herbs possessing biologically
active compounds which had antimicrobial and anti-biofilm
properties with less side effects (negative) on the health of
human beings are considered [1, 9, 10]. In order to reduce or

inhibit biofilm formation, studies were conducted on quorum
sensing (QS) and quorum quenching [11].

Quorum sensing (QS) is a density dependent mechanism,
where the signalling molecules called autoinducers keep the
bacterial community under a threshold level [11, 12].
Meanwhile, quorum quenching is the inhibition of quorum
sensing, which disables the bacteria’s ability to generate
virulent expressions and it does not affect the bacterial
growth. This consequently exposes the bacteria to the
defence mechanism of the host for an adequate period of time
which helps to eradicate the bacteria [11, 13]. Therefore,
inhibition of quorum sensing is much need and its approaches
are classified into enzymatic and non-enzymatic inhibition.
The non-enzymatic approaches involve (i) inhibition of
signal molecule synthesis, (ii) blocking the reception of
signal by modification and conformation changes in the
signal molecule that binds to the response gene and (iii) by
allosteric or competitive inhibition of signal molecule that
binds to the response gene. By these ways bacterial silencing
can be attained [14, 15]. In enzymatic inhibition, the
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autoinducers are degraded which gradually deactivates the
signalling cascade. Examples of some enzymes which
degrades the signalling molecules are acylase, lactonase,
oxidoreductase, etc. [15, 16]. The extracellular polymeric
matrix present in the biofilm are made of carbohydrates,
mainly polysaccharides. Starch is a complex carbohydrate or
a polysaccharide made of glucose monomers attached by
glycosidic bonds [17].

The amylase enzyme converts the starch into glucose by
acting on the glycosidic bond of the substrate. Since the
biofilms are made of exopolysaccharides, the biofilms are
degraded by amylolytic activity [18, 19]. In the present
investigation, the rhizome extract of Hedychium venustum
Wight, was studied for its amylolytic mediated biofilm
inhibition. Hedychium, a genus familiar as ginger lilies, with
thick, branched and fleshy rhizome, belongs to Zingiberaceae
family [20]. The members of Zingiberaceae are well known
for its medicinal properties and it is mostly found in tropics,
especially in Southeast Asia. It is the main source for
medicinal products, food, perfume, dyes, spices and
aesthetics [21, 22]. H. venustum is a rhizomatous endemic
plant studied for its pharmacological and phytochemical
properties [20, 23, 24]. However, the amylolytic activity and
anti-biofilm activity of H. venustum against Pseudomonas
aeruginosa has never been explored. Therefore, the
possibility of it being used as an alternative to antibiotics for
reducing the biofilm-associated infections can be explored.

MATERIALS AND METHODS

Plant material - collection and identification

During January 2021, the rhizomes of H. venustum were
collected from Idukki district, Kerala, India. These plants
collected were identified and authenticated by Dr. Bince
Mani, St. Thomas College, Palai, Kerala and the voucher
specimen number RHT67230 was assigned to the plant; its
herbarium is maintained at Rapinat Herbarium, Trichy. The
rhizomes were uprooted carefully without causing any
damage. The soil particles adhered to the rhizome were
cleaned and the rhizomes were kept in plastic bags and
transferred to laboratory. Then the rhizomes were removed
from the bags and were stored at room temperature.

Extraction process

The rhizomes of the plant material were washed properly
and sliced into small pieces. These were shade dried and
ground to coarse powder using a mixer. The powder was
stored in an air tight container. For the extraction process,
dried powder (40g) was soaked in 450 ml of methanol and
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water in 6:4 by shaking on a mechanical shaker and kept in
refrigerator overnight. After 2 days, the plant extract was
filtered with Whatman filter paper. The resulting filtrate was
concentrated at 50° C to obtain crude hydro-methanolic
extract.

Analysis of biofilm inhibition by extract

The extract was tested for presence of anti-biofilm
activity using prevalent bacterial strain Pseudomonas
aeruginosa strain jp07 (MF426269) purchased from
Bioresource Technology Lab, Department of Biotechnology,
Thiruvalluvar University, India. Sodium acetate, nutrient
broth, 1X PBS, Crystal violet solution and Gentamicin
antibiotic solution were purchased from Hi-media, India. 96
sterile well plates were from Tarsan, India and conical flask
were purchased from Borosil.

Microtitre plate assay (MTP) for Biofilm inhibition

Through microtitre plate assay the efficiency of the
rhizome extract to inhibit the biofilm was studied. This assay
was performed by slightly modifying the method described
by Vadakkan et al. [15]. 96 welled-flat bottom polysterene
titre plates were used for this assay as these plates function as
a surface for adhesion of bacteria. 180 pL BHI broth was
added to each well, then subsequently 10 pL overnight
culture of P. aeruginosa was inoculated to it. 10 pL of
extract from the stock solution of 40 mg/mL concentration
was added to the above mentioned broth and culture mixture
in each well. The well containing the BHI broth and culture
but lacking the extract is maintained as Control. The whole
setup of the assay was incubated for 24 h at 37°C. After 24 h
the wells were emptied by removing the contents. Then it
was washed using 0.2 mL of PBS (Phosphate buffer saline)
with pH 7.2 in order to remove the free floating and weakly
adhered bacteria in the well. The bacterial adherence was
stabilized with 2% sodium acetate. 0.1%, w/v of crystal
violet was used for staining. Excessive stain was removed
using deionized water and the plates were dried. Finally,
using 95% ethanol these dried plates were washed. Then by
using microtitre plate reader (Thermo) the optical density
was measured at 600 nm. The biofilm inhibition percentage
was the calculated from the equation given below and from
the graph.

Control OD — Test OD

% Biofilm inhibition = X

1
Control OD 00

Biofilm inhibition analysis by EtBr/AO staining
The EtBr/AO staining was detected using Fluorescence
microscopic analysis of biofilm inhibition. About 5 x 10°



cells/ml of P. aeruginosa were plated in a 24 well plate on a
coverslip and it was treated with 87.76 pg/ml of plant extract
(sample) in a nutrient broth. The plate was incubated for 48
hours in an incubator at 37°C. 50 pl of 1 mg/ml acridine
orange and ethidium bromide were added to the wells after
incubation and mixed gently. Then finally, the plate was
centrifuged for 2 minutes at 800 rpm and assessed
immediately within an hour. At least 100 cells were studied
by a fluorescence microscope (Labomed TCM 400) using a
fluorescent filter [25].

Surface morphology analysis of biofilm inhibition by
electron microscopy

By modifying the method used by Dey et al., 2020,
determination of surface morphology of biofilm inhibition
was performed by stainless steel coupon as a surface. In a
nutrient broth medium, the fresh culture of P. aeruginosa
cells was incubated together with sterile stainless steel
coupon. For the treated sample 5 ml of 40 mg/mL
concentration of plant extract (1:19 dilution) was added to it.
The untreated sample was prepared the same way except for
adding the extract. When the completion of incubation at
37°C for 28 days in a shaking incubator at 150 RPM,
scanning electron microscopy were utilized for the surface
morphology analysis of biofilm inhibition of the samples
[26].

Analysis of amylolytic activity

Starch was used as a substrate for the spectrophotometric
analysis of amylolytic property of rhizome extract of
H.venustum. 0.2, 0.4, 0.6, 0.8 and 1 ml volume of 40 mg/mL
concentration of plant extract diluted to 1:19 ratio was added
to 1 ml of 1% starch and all solutions were made up to 2 ml
using distilled water and incubated for 30 minutes at 37 °C.
In control setup instead of plant extract, distilled water was
added. After incubation, 1ml of DNS reagent was
administered to the solution to stop the reaction. Then the
solution was kept for 20 minutes in hot water bath and to all
solutions 7.5 ml distilled water was added. Using UV-Vis
spectrophotometer (ELICO-SL218), the absorbance at 540
nm was measured for each test sample of different
concentration [27]. A standard curve constructed with
maltose is utilized to determine the amylolytic activity. The
amount of enzyme that liberates 1umol of glucose equivalent
per minute under the assay conditions was defined as one
unit of amylase activity (U/ml). The specific activity was
derived from the acquired value by dividing the total activity
by total protein content [28].
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Statistical analysis

Statistical analysis of the data collected from the study
was conducted by one-way ANOVA (Analysis of Variance)
followed by Dunnett’s post-test using Graph-pad prism
Version 5.01 software.

RESULTS

Spectrophotometric analysis of biofilm inhibition

The bacterial biofilm inhibition by the plant extract was
studied spectrophotometrically. According to the results,
when the concentration of the extract increased, the biofilm
production was significantly reduced (Figure 1). At higher
concentration of 40 mg/mL, maximum biofilm inhibition of
40% was observed. Untreated sample had 100% biofilm
formation and in treated sample the biofilm formation was
reduced by 40% from control. The result proved that the
concentration of the plant extract is directly proportional to
the biofilm inhibition.
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Figure 1. Biofilm inhibition by extract.

Fluorescence of biofilm
inhibition

EtBr/AO staining detected the surface topology of
biofilm inhibition caused by the plant extract. This was
visualized using fluorescence microscope (Figure 2).
Ethidium bromide entered only the dead cells and produced
red fluorescence whereas acridine orange penetrated the live
cells with cell membrane and it emitted green fluorescence
[29]. The test sample treated with the plant extract showed
red coloured cells in loosely packed appearance while the
untreated control sample displayed less loosely arranged
green coloured cells. The presence of red coloured cells in
the treated sample denoted the dead cells which was due to
biofilm damage. This data proved that the presence of extract
caused less cell adhesion on the surface which lead to the

reduction of the biofilm.

microscopic  analysis
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Untreated

Treated
Figure 2. Fluorescence microscopic analysis of biofilm
inhibition.

Surface morphology analysis of biofilm inhibition

The surface morphology of bacterial biofilm inhibition
was analysed from the scanning electron micrography
(Figure 3). The micrograph of the untreated sample revealed
deep grooves and infoldings on the surface of the stainless
steel coupon which was because of the degradation caused by
the bacterial biofilm. In contrary to this, the treated sample
micrograph displayed plane, flat and smooth surface since
there was absence of degradation caused by biofilm. Hence it
was apparent that during the absence of the plant extract
bacteria was able to attach to the surface whereas the addition
of plant extract inhibited the attachment of bacteria to the
surface.

Amylolytic activity
The hydro-methanolic rhizome extract of H. venustum
showed significant amylolytic activity with 62.183 U total

enzymatic activity and 628.113 U/mg specific enzyme
activity at extract concentration of 40 mg/mL diluted to 1:19
ratio. The enzyme activity was found to be correlated to the
extract concentration. The amylolytic action of the rhizome
extract converts the starch (substrate) into sugars. Similarly,
it could be considered as the reason for the conversion of the
polysaccharides present in the biofilm into sugars. This might
cause damage to the biofilm and it could make the bacterial
cells susceptible.

Signel A= SET
Mag= 150K X

Tie 1324 46

WO = 10.0 mm

Untreated

20 pm ENT» 10.00AV Signal A= SET Date 29 Oct 2021
* WD = 10.0 mm Mag= 150KX Time 142000
Treated

Figure 3. Surface morphology analysis of biofilm inhibition.



DISCUSSION

In the present investigation the hydro-methanolic (6:4) crude
extract of H. venustum rhizome produced maximum biofilm
inhibition of 40% at 40 mg/mL concentration against P.
aeruginosa. In comparison, the plant rhizome extract of H.
forrestii var. forrestii demonstrated about 80% biofilm
inhibition against Staphylococcus aureus at a concentration
of 500 pg/ml [30]. Linalool from the essential oil of rhizome
of H. larsenii at 0.004% concentration produced maximum of
91% biofilm inhibition against Streptococcus pyogenes [31].
Similarly, at the concentration of 100 pg/ml, curcumin a
major constituent of Curcuma longa efficiently inhibited the

biofilm formation by 52%, 89%, 52% and 76% in
uropathogens, such as Escherichia coli, Pseudomonas
aeruginosa PAO1, Proteus mirabilis and Serratia

marcescens respectively [32]. A study on Zingiber officinale
rhizome extract exhibited 92.96% biofilm inhibition against
Helicobacter pylori at 50 pg/mL concentration [33]. Another
study on Z. officinale root extract at 1-10% concentration
reduced biofilm development of Pseudomonas aeruginosa
PA14 by 39-56% [34]. Compared to the biofilm inhibition
percentage of other plant extracts and essential oils, H.
venustum also exhibited significant biofilm inhibition.

According to the fluorescence microscopic analysis, in
the treated sample dead cells were observed in a loosely
packed appearance. It is considered as a result of biofilm
damage. This is due to the action of anti-biofilm components
present in the extract which acts against the biofilm and
biofilm forming bacteria. Thus, biofilm damage makes the
bacteria susceptible to these bioactive components, since the
biofilm served as a protective shield which provided
antibiotic resistance. In accordance to the present study, a
previous study on the plant rhizome extract of H. forrestii
var. forrestii against S. aureus reported the observation of
dead cells in the treated sample [30]. Correspondingly, an
exposure of curcumin from C. longa against S. aureus at
different concentration such as 25 uM, 50 uM and 100 uM
resulted in the observation of 63%, 75% and 90% dead cells,
respectively [35]. In a previous study, the effect of curcumin
on Porphyromonas gingivalis biofilm was investigated. In
the results observed, the control sample appeared green
denoting live cells and the treated sample appeared red
denoting dead cells [29]. The fluorescence microscopic
observation in this study also points out similar results from
the previous studies, where the presence of plant extract
causes the death of bacterial cells and less cell adherence to
the surface.

In the present study, the scanning electron micrograph
revealed that the surface of the coupon in the treated sample
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was smooth while in the untreated sample was rough. This
was due to the inability of the bacteria to attach to the
surface, when treated with the extract. A similar observation
was seen in the ginger extract which inhibited the biofilm of
P. aeruginosa by detaching the biofilm cells from the surface
[34]. The roughness and irregularities on the coupon surface
in the untreated sample was caused due to the bacterial
metabolism [36]. Comparably, the exposure of the rhizome
extract of H. forrestti var. forrestii against S. aureus
exhibited smooth coupon surface without any bacterial
degradation since the bacteria turned out to be incompetent to
attach over the surface. The untreated sample showed
grooves and invaginations on the surface due to the presence
of biofilm and bacterial degradation [30]. In the same way, a
study conducted on different herbaceous plant extracts, the
treatment of turmeric extract and green tea extract against
sulphate reducing bacteria was reported to show even and
less clumsy coupon surface while the surface of the untreated
coupon was uneven which indicated highly corroded surface
[37]. The scanning electron micrograph of the present study
is in accordance with the result of fluorescence microscopic
observation, supporting the fact that the incompetence of the
bacterial cells to attach to the surface is caused due to the
presence of plant extract.

Biofilms are made of polysaccharides which serves as a
substrate for amylolytic enzymes which acts on the
substrate’s glycosidic bond [18, 19]. The enzyme amylase
breakdown or convert starch into glucose [17]. This causes
damage to the polysaccharides in the biofilm. The bacteria
will become susceptible to the antimicrobial agents and
antibiotics when the biofilm is degraded. Biofilm maintains
the bacterial population at a threshold level. This process
improves the quorum sensing and therefore has prominent
role in its virulence [38]. The plant extract affects the
threshold level of the bacterial population. Therefore, this
study supported the above theory, revealing that the rhizome
extract of H. venustum exhibited amylase dependent biofilm
inhibition against P. aeruginosa with 62.183 U total
enzymatic activity. Similarly, the plant rhizome extract of H.
forrestti var. forrestii showed amylolytic dependent biofilm
inhibition against S. aureus with 110.916 U total enzyme
activity [30]. The findings of a group of researchers,
suggested the possibility of Elletaria cardamomum essential
oil to be used as a safe antimicrobial agent against the
biofilms formed by Gram-negative pathogens like E. coli and
P. aeruginosa [1]. The anti-biofilm property of the extract
provides the scientific justification as a hopeful anti-biofilm
treatment. Further in vivo evaluation is needed for the
potential application of the extract in treatment of biofilm
associated infections. The purified compounds will have
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more potential to inhibit biofilm than the crude extract.
Therefore, more studies are required to identify, purify and
isolate the bioactive compound from crude extract to know
the exact biological mechanism.

CONCLUSIONS

The study displayed the anti-biofilm and amylolytic activity
of rhizome extract of H. venustum against P. aeruginosa
biofilm. The spectrophotometric data revealed that compared
to untreated sample, the treated sample showed 40%
reduction in biofilm formation i.e. 40% of biofilm was
inhibited. The fluorescence microscopic analysis aided to
identify the effect of biofilm inhibition on the bacterial cell
adherence. The micrograph disclosed the biofilm architecture
of the stainless steel coupon, in which the plant extract
exhibited incredible activity by preventing the corrosion or
degradation of the coupon; whereas in untreated sample the
coupon was corroded by the biofilm. The amylolytic activity
of the plant suggested that, the biofilm inhibition was caused
by amylolytic mediated activity. Further investigations on
this plant extract would help us to reveal the bioactive
compound responsible for the amylolytic and anti-biofilm
activity; and to understand the exact mechanism occurring
during the activity. This would help to find a possible
replacement to antibiotics with a natural bioactive plant
derived compound having anti-biofilm activity with reduced
infection recurrence and side effects.
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